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INTRODUCTION
The general migration pattern of passerines could theoretically be estimated using a variety of methods. A number of partial analyses presenting ringing data, usually limited to a few species, have been published. Very few continent-scale analyses have been presented for passerine species (e.g. Ashmole 1962 , Busse 1969 , as extremely long periods of ringing activity are required for passerines. The first ringing atlases by Schüz and Weigold (1931) and Zink (1973 Zink ( -1985 presented practically only raw ringing recoveries, while contemporary national ringing atlases (e.g. Fransson and Pettersson 2001 , Wernham et al. 2002 , Cepak et al. 2008 , Spina et al. 2008 , Bairlein et al. 2014 ) provide more detailed recovery patterns, but limited to a few countries. These patterns have a common weakness resulting from the ringing method -strong distribution biases due to differences in ringing recovery rates in different areas. This is especially true for areas where the recovery rate is very low, including vast areas of north-eastern and eastern Europe and the Middle East/Africa. This problem has been mentioned for many years, and there have even been attempts to solve it by taking local recovery rates into account (Coulson 1966 , Snow 1966 , Mead 1974 , Busse and Kania 1977 , Korner-Nievergelt et al. 2010 . Such calculations, however, are only possible when high recovery numbers are available for the species. Similarly, radar and moon-watching studies are of limited value for drawing migration patterns within wider areas. Radar studies require good coverage by the radar systems, while weather radar distribution density is very uneven, even within Europe, but especially in the Middle East and Africa. These two methods provide data of limited value for studies on passerines, as this group of small migrants cannot be identified to the species level. Modern logger and satellite tracking are more applicable to non-passerines, and as yet are helpful for detailed work only on limited numbers of individuals, and not for population studies. Orientation cages were introduced in the middle of the last century (Kramer 1949 , Sauer 1957 , mainly for studies on the navigation abilities of migrants, and due to their construction were not useful in field conditions. A simpler orientation cage that can be used in field conditions was introduced in the 1960s ('Emlen's funnel' by Emlen and Emlen 1966) . However, the method was not popular among fieldworkers. At the end of the 20th century a very simple tool was constructed specially for field studies on the preferred headings of individual birds caught for ringing (Busse 1995) . ' Busse's flat orientation cage' was introduced as a standard within SEEN (the SE European Bird Migration Network) in 1995. A number of papers based on local heading patterns have been published (Formella and Busse 2002 , OEciborska and Busse 2004 , Adamska and Filar 2005 , Adamska and Rosiñska 2006 , Rosiñska and Adamska 2007 , Stêpniewska et al. 2011 . A few papers discuss the details of evaluation methods (Busse and Trociñska 1999 , O¿arowska et al. 2013 , Busse 2017 , 2018 . The database has grown enormously over the years (to about 50,000 records), and data have been collected from nearly fifty sites. The area covered stretches from the northern part of western Russia to southern Egypt and from France and Morocco to Siberia and Armenia.
The main goal of this paper is to provide a large-scale overview of data collected during autumn migration and to estimate to what extent the method can draw a general picture of passerine migration, especially within the SE European Flyway. The picture contains data on all species caught and ringed at various sites, so it could be compatible with weather radar data if they are used in similar analyses. However, the aim of this paper is not to describe any species-specific population pattern; such patterns must be evaluated separately.
STUDY AREA AND MATERIAL
The study area ( Fig. 1 ) covers mainly the SE European Flyway, but also includes a few sites located on the Central European Flyway (Croatia, Italy), as well as a few sites situated on the Atlantic Flyway (France, Spain and Morocco) and a site in Omsk, which clearly belongs to the Indian Flyway.
The list of sites, years, periods of work and numbers of individuals tested is given in Table 1 . There are a few sites where data from several years and a vast number of birds were tested: the longest time spans are 14 years at Bukowo/Kopañ (9439 birds tested) and 10 years at Mierzeja Wioelana (3048 individuals). At many sites, however, only a few autumn data are available (usually from one month). Even so, yearly samples at individual sites frequently numbered hundreds or even over a thousand tests. Therefore there is pronounced variation in the actual value of local directional patterns. Nevertheless, the sample sizes, in terms of number of sites (45) and number of tests performed (43, 546) , are large enough to provide a general pattern of passerine movements on a wide geographic scale. 
METHODS

General methods
The field method used to collect data was primarily the Busse's orientation cage test procedure introduced in 1995 (Busse 1995) in the Operation Baltic/SEEN networks (only a very few data were collected using Emlen's funnel cage - Table 1 ). Tech-nical details of the Busse's cage procedure are described in field manuals by Busse (2000) and Busse and Meissner (2015) . The field test output for a tested individual is 8 number values, representing headings of the bird in the 8-sector circular cage (Fig. 2 ).
This individual test result was evaluated using Orient 4.6 software based on the fact that the data distribution may be multimodal (in contrast to the traditional Batschelet (1982) procedure, which requires that the distribution be unimodal). The problems with evaluations based on these procedures have been discussed in detail by Busse (2017) . The group heading patterns (as in the example shown in the season (only data from autumn are used here -see Table 1 ), the directions are interpreted as 'incoming' and 'outgoing' headings of the group. These interpretations are discussed in detail by Busse (2018) . As mentioned earlier, the number of seasons used in this work for 'site pattern' estimation was highly varied, so it was reasonable to check whether the results from a single season fit the pattern estimated for the site heading average based on multiyear data. As an example, the data from the longest time series of tests performed at Bukowo/Kopañ were used for a methodological discussion.
Methodological discussion
Orientation tests were performed at the Bukowo/Kopañ site during 14 seasons (1995-2010, except 2009 ). The number of tested birds per season varied, but the periods of work were nearly identical (Table 1) , so the possibility of a time bias was limited. An example of the yearly result patterns is presented in Figure 4 . The summary headings were varied, but at least some of them seem to be close to one another. In the past, data from seven seasons (2000) (2001) (2002) (2003) (2004) (2005) (2006) were compared as to distribution of headings, and now other seasons (1995) (1996) (1997) (1998) (1999) (2007) (2008) (2009) (2010) were analysed in the same way, so we have two independent samples of seasons ( Fig. 5 ) that may be compared. First, distributions of estimated yearly headings were checked using the chi-square test for uniformity of the locations of the headings within the wind-rose. In both samples, distributions were significantly not uniform (at the level of 0.001 and 0.01), but they were similar to each other (p < 0.05) and thus may be combined. Combined distributions of yearly headings (Fig. 6A ) were significantly different from the uniform distribution (p < 0.001). Total headings as estimated directly from all individual birds 50 THE RING 41 (2019) Fig. 4 . Example of yearly distributions of headings at the Bukowo/Kopañ site belonging to the compared groups were identical in four of five cases (Fig. 6B ), while only NW incoming directions differed by about 20°.
In the case of the data from Bukowo/Kopañ discussed here, we can estimate headings more precisely than from less numerous samples. This may be demonstrated using the aforementioned example by showing a 'flattened' form of the circular distribution from Figure 6A in Figure 7 : (A) a smoothed distribution of estimated yearly headings suggests more real total headings demonstrated by the sample, (B) a return to the circular form of presentation shows one more interesting property of the headings: they are linear (NE-SW and ENE-WSW) or very close to linear (NW-SE -differing by only about 10°). This is a very common property in local distributions that will be discussed later and should be taken under consideration in estimations of the general pattern that is the result of this paper. THE RING 41 (2019) 51 
Geographical space estimation procedures
All available data for every site (data from all years combined - Table 1 ) were used to prepare the local estimated heading pattern for a given site, as shown in Figure 7B total distribution as the background, with estimated main site headings. The local estimation patterns were then located in the appropriate location on the map as in Figure 8 , which presents the local site patterns for Bukowo/Kopañ and Mierzeja Wioelana. In the main step of the general estimation procedure the heading lines were uniformly coloured. After neighbouring sites were located, directional lines that were more or less similarly oriented were shown in the same colour. Then the arrival and apparently corresponding departure directions at the site are shown using the same colour. It should be mentioned that the lengths of the directional lines do not represent number relations between cohorts following these directions, but represent only directions from the site. Thus a long line does not mean that more birds migrate in this direction than in the direction represented by a short line. Taking under consideration the number of directional patterns at sites along the migration route, all local headings were classified as belonging to one of the migration streams passing the area under analysis. Taking under consideration which directional groups of birds are represented at each site, the general directions of migratory groups (represented by colours on the maps) were estimated (compare figures 11-13). The migration pattern in the entire area is definitely not 'stream-like' (see Fig. 14) , but has a more 'carpet-like' structure. This can be presented as the polygon that shows area where defined headings are represented by migrants (compare Fig. 15 , "Red" one polygon). That "carpet" of migrants moves to its own destination area symbolized by a red oval in Western Africa. At the similar way of maping of other group area shows that the carpets of migrants heading in different directions can overlap (see Figure 16 ). Identified groups can be individualy maped (see Figure 17 ).
The general pattern is finally presented as a combination of spaces where different migratory groups were observed. Because at every site birds belonging to several migratory groups are represented, the group areas overlap on the map (see Fig. 18 ).
Some important properties of the presented synthesis should be stressed.
(1) The term 'migratory group' here means 'the passerines migrating from the breeding area in a similar direction to different winter-quarters'. The breeding grounds could be within or outside the polygons defined by colours, as the polygons contain only study site distribution areas. Winter-quarters are situated somewhere outside or inside the study area and may be not common to different species. Only the direction of migration within the study area is common.
(2) The group pattern does not define the pattern of any specified species -the real species population structure may coincide with other species structures (they may be identical, similar or totally different), but they developed due to dispersion THE RING 41 (2019) 53 following the Ice Age, when the ice cap melted (commonly accepted since Busse 1969 , Moreau 1972 . This is in contrast with older research, whose authors believed that the migration system in Europe depended on contemporary mountain barriers (e.g., Rudebeck 1956 , Dorst 1962 . However, as the data include species identification of the birds tested, in the case of some more common species it is possible to analyse the heading patterns of individual species. This is a task for further studies.
RESULTS AND DISCUSSION
Estimated headings at the study sites
There are two areas where ringing/study sites were more concentrated than in other parts of the study area: Southern Baltic/Northern Poland (group of 7 sites - Fig. 9 ) and Middle East/Northern Egypt (10 sites - Fig. 10 ).
Within the former group, three headings may be suggested: two of them were more or less defined by the local guiding lines created by the Baltic sea, i.e. the eastern and southern sea coast -one directed more W-WSW (in red in Fig. 9 ), directed towards the Atlantic Flyway, and the other more SW-SSW (in violet in Figure 9 ), while a third heading crossed the southern coast line at about a 90°angle, directed SE, along the SE European Flyway. These patterns were common to both coastal and inland study sites.
The second area where studies were concentrated was the south-eastern Mediterranean Sea. There are three dominant headings: (1) very clear and concentrated ESE 54 THE RING 41 (2019) Fig. 9 . South Baltic and northern Poland sites. Legend as for Fig. 8. heading dominating in the northern part of this study area (north Israel/Palestine and Jordan); the flow of birds comes from the direction of Cyprus and is directed, surprisingly, towards the Arabian Desert (Fig. 10, yellow lines) ; (2) more SSE, coming from north-western Turkey/Crete and directed towards the east and west coasts of the Red Sea (orange lines); and (3) from the Caucasus/Caspian Sea areas, WSW-SW towards the heart of the Sahara Desert (blue lines), nearly perpendicular to the first two headings. The ESE headings are clear both near the Mediterranean coast (Tulkarem and Jenin; for site locations see Fig. 1/Table 1 ) and at the inland Jordanian sites (even Azraq, which is a desert oasis). The same applies to other study sites where coastal and inland sites show coherent directionality. Additionally, it must be stressed that at the northern sites (Tulkarem, Jenin and Jordan) incoming headings along the eastern Mediterranean are practically non-existent, despite the fact that this coastal guiding line is known as the main corridor for diurnal migration over Israel. It seems that the migration pattern of passerines is substantially different in this region from that of storks, pelicans and raptors. In this area passerines arrive from the sea and from inland far to the East, but not from the North.
Apart from the two concentrations of study sites described above, the data were evaluated for a number of sites dispersed over a vast territory, mainly covered by the known SE European Flyway (Balkans -Black Sea -the Caucasus -the Middle East -Egypt), but in the west up to the northern Adriatic area (Central, Apennine Flyway) as well as to the Ural Mountains in the northeast (Fig. 11-12 ). On the Western Atlantic Flyway, there were only a few sites, located in France, Spain and Morocco (Fig. 13) . The SE (Yellow) stream, so distinct in the Baltic area, continues over Eastern Europe followers of this stream could be found in western Turkey and Crete. The Green Stream crosses the Yellow Stream at nearly a 90°angle. The source area of these populations is a vast inland territory of Belarus, Ukraine and western Russia. The next (Blue) migration stream can be defined by a line connecting central Turkey and the northern Caspian Sea area eastwards. This is clearly visible at the Caucasian/ Turkish sites (Karabogaz, Aras, Cernek, Dicle and Akyatan). Further on, this stream is strongly pronounced at the Middle East and Egyptian sites. The direction defined by the Eilat (Israel) and Egyptian headings is another surprise, as these birds seem to cross the Sahara by an extremely long flight in the direction of Chad. In southern Israel (Eilat) and eastern Egypt, besides the Blue Stream there is an SSE Orange Stream along the Red Sea, which up to now has been defined as the SE European Flyway leading to the East African winter-quarters. In fact, the Orange Stream is a continuation of the flyway originating somewhere in south-central Europe, and then heading through Italy, being a branch of the Central European Flyway (Fig. 13) . Indian Flyway headings could be noted in the easternmost part of the study area (Makarovka, Omsk). Another, north-western stream from Scandinavia/Great Britain, belonging to the Atlantic Flyway, was seen in France (Donges) and probably in Spain (Sanlucar) and Morocco. These areas are, however, not covered by enough study sites. Completely hidden under these streams there is a Black Stream heading nearly longitudinally from the area of the Lower Volga/northern Caspian Sea to northern Italy (and probably further). This could be a branch of the Violet Stream heading commonly to the western Mediterranean islands and eastern Spain. The problem cannot be solved at this time due to insufficient data from Romania, Hungary and Austria. The most painful gap in the study data is the total lack of research sites on the Arabian Peninsula; beyond the Yellow Stream in the north, we do not yet know the movements of the passerine populations. The partial pictures (Fig. 11-13 ) can be combined into the more general pattern shown in Figure 14 . Taking under consideration the local heading composition, the main heading pattern over the study area could be estimated. The figure shows two versions of the stream pattern discussed above, taking into account the problems of the Green and Violet/Black Streams. Adding more study sites in the areas under discussion, i.e. the northern Balkans, Ukraine and Russia, could clarify the structure of the streams. Passerine migration over the area from the Persian Gulf -southern Red Sea -Horn of Africa remains entirely beyond the scope of estimation.
The general migration pattern
The general pattern is finally presented as a combination of spaces where different migratory groups were observed (Fig. 18) . The Atlantic Flyway group (Red Stream -in red in Fig. 18 ) begins on the northwest Baltic coast, Scandinavia and the British Islands, mainly from an area outside of that covered by this study. The destination of the longdistance migrants is mainly the westernmost part of Africa. This is documented by the relatively higher number of ringing recoveries than from other parts of Africa, where the number is very small (ringing atlases: Fransson and Pettersson 2001 , Wernham et al. 2002 , Cepak et al. 2008 , Spina et al. 2008 , Bairlein et al. 2014 towards northern Egypt. In southern Egypt it is in part exactly parallel to the headings in the northern part of the country. In northern Egypt the headings are SW-WSW and indicate a direction towards Lake Chad. This means that these birds fly over the Sahara Desert a much longer distance than expected, rather than crossing it directly southward. In southern Egypt/the Red Sea coast, the route is a bit more southward (SW-SSW). The shortest route from the north to the south along the Nile River is not clearly visible in passerines. The Blue Stream, leading from the Black Sea-Caspian Sea through the Middle East and Egypt had not been recognized before now. It had only been mentioned for the Sedge Warbler, Acrocephalus schoenobaenus, in congress presentations by Busse (Hnatyna and Busse 2010, Busse and Abdou 2011) . This claim was based on a clear SW heading of a group of adults of that species in orientation tests performed at Burullus in the Nile Delta. The same was reported for a few individuals of different species tested at the Bahariya Oasis by Stêpniewski et al. (2011) . These were 9 of 59 individuals tested: three Yellow Wagtails, Motacilla flava, two Willow Warblers, Phylloscopus trochilus, two Rufous Bush Robins, Cercotrichas galactotes, one Garden Warbler, Sylvia borin, and one Collared Flycatcher, Ficedula albicollis. This quite important migration stream was probably overlooked due to low passerine ringing activity at the breeding grounds and on the migration route north of the Sahara, as well as the very low ringing recovery rate at the destination areas in central Africa. According to a personal communication by R. Yosef and U. Ottosson, a few years ago there were only two or three ringing recoveries between Israel and Nigeria (at least one of the Great Reed Warbler, Acrocephalus arundinaceus). Hence it seems that this stream is quite common among passerines, but more data is needed, especially from Africa.
CONCLUSION
The migration pattern of the defined population is clearly not a 'stream-like' phenomenon, but has more of a 'carpet-like' structure. These carpets are two dimensional structures, defined not only by centres of breeding areas but also by winter-quarters (thus average headings). Hence they are described by the central stream course, but also by their width at different stages of migration. The winter-quarters of the migration group could be varied in size, due to differences in habitat selection by the member species of the group. Similarly, the breeding grounds can be species-specific due to species ecology, e.g. the dietary preferences and phenology of plants and/or other animals at breeding areas. A very important property of the streams is their independence from one another: at each site birds belonging to different populations, even of the same species, may migrate in totally different directions. Thus, for example, robins Erithacus rubecula caught one day at one site on the Baltic coast may migrate the next night in direction of France while others direct to Turkey. The local headings may be so varied that birds migrate in nearly perpendicular directions. This has already been documented for a number of species/locations following analyses of ringing recoveries (Busse 1969 , Remisiewicz and Baumanis 1996 , Remisiewicz 2001 , as well as local evaluations of orientation cage data (Trociñska et al. 2001 , For-mella and Busse 2002 , Zehtindjiev 2003 , OEciborska and Busse 2004 , Adamska and Filar 2005 , Adamska and Rosiñska 2006 , Rosiñska and Adamska 2007 , Stêpniewska et al. 2011 . However, much more can be determined even by analysing existing data from the area of this study in more detail -species by species.
